Most immunologists focus on elaborate non-specific and antigen-specific factors of reactive immunity produced by the vertebrate lymphoid system. Modern principles of immunogenic prophylaxis and therapy are based solely on the use of these agents. There is, however, a more effective system of specific resistance which is shared by all forms of life: hereditary constitutional immunity to infection and invasion. An explosive growth in knowledge of the constitutional immunogenic system has occurred during the past two decades. The author illustrates the nature and importance of constitutional immunity, using examples from genetics and molecular biology. Special attention is given to testing for genetic susceptibility to infection and genetic engineering of resistance.
Types of immunity
Immunity means the capacity to withstand something, especially the state of increased resistance against the effect of an ecological or physiological agent, e.g., the natural capacity of a living organism to withstand infectious disease. Microbes and other parasites cause many deaths within various natural population groups, destroying forests, crops and domestic and wild animals, including insects, reptiles, birds, fish and other forms of life. Even micro-organisms themselves, including viruses, bacteria, fungi and protozoa, are subject to attack by other parasitic species. Thus, every living organism must have defences against aggression in order to survive.
Immunity involves an extremely complex set of surveillance systems which provide a remarkable group of agents geared to the maintenance of a healthy existence. In analysing defence mechanisms, two factors should be considered. The first concerns the mechanisms by which the target organism manifests immunity to those agents encountered for the first time. This natural (innate, constitutional, genetic, inherent) immunity may be defined as the ability of an organism to resist the effect of an ecological or physiological agent in the absence of any acquired (reactive) immunity. The second factor concerns the defence mechanisms mounted by an already immunised target to the agent. The target organism may employ constitutional (innate) and reactive (acquired) immunological defences to. combat the attack by the agent. In both instances, the principal task of the defence is to prevent establishment of consequence, and immunity may be either specific or non-specific.
Some species become affected when attacked by microbes for the first time. Others are preserved by innate, constitutional immunity. Every infection affects only part of the population attacked. Many individuals, families, strains, races, populations and species are resistant. Vertebrate animals possess several levels of immunity. Constitutional and phagocytic mechanisms serve as a first line of defence, and if these are ineffective, the organism can be rescued by the influence of specific immunoglobulins and other agents, which are formed mainly by the lymphoid system of reactive immunity. Invertebrates have only constitutional and phagocytic mechanisms of resistance. In plants, protozoa, fungi, bacteria and viruses, defence is effected mainly by innate, constitutional factors ( Fig. 1) .
Constitutional immunity is a general biological principle that provides all types of living organisms with antimicrobial defence. This type of resistance is of primary importance, not only in its phylogenetic origins but also for its contemporary significance. Constitutional mechanisms for protection develop during ontogeny in the absence of interaction with any particular parasite or parasitic product. Innate constitutional immunity is inherent and is present in the body prior to the attack of disease-causing agents.
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General phenomena
The impact of infectious diseases has varied from year to year and from century to century. In 1348, bubonic plague reached England. The effect of the plague was devastating; more than half of the population perished. In some cities, more than 75% of the inhabitants died, while in other places less than 10% of the population succumbed to the infection. After the first great outbreak, the epidemic persisted (53) .
The plague disappeared again after an extensive outbreak in 1665. Subsequently, the infection was no longer a scourge in the land, and another 253 years passed before cases of the infection once more resulted in death in England. The plague disappeared as dramatically as it had arrived. These changes were not secondary to the impact of improved public health measures, the understanding of the aetiology of infectious diseases and subsequent control by vaccines and antibiotics. From a modern perspective, there seem to be some natural phenomena that control the ebb and flow of infections which have occurred throughout the decades and centuries.
Immunity of species
Some species of mosquitoes are extremely susceptible to the virus of western equine encephalitis while others are not infected by this pathogen. The species belonging to the genus Culex are. very susceptible to Bacillus sphaericus toxin, while the Acdes species are immune to the action of this toxin. Sheep, mice, guinea-pigs, rabbits and monkeys are susceptible to experimental anthrax, while dogs, horses, cats, rats and pigs are not (Fig. 2 ).
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Fig. 2 The variation in degree of constitutional immunity in a selection of mammalian species
Herbivores, guinea-pigs, rabbits and horses are highly sensitive to all of the botulinic toxins for which tests have been performed. Of the carnivores, dogs and cats are very immune to all types of botulinic toxin. Rhesus monkeys (Macaca mulatto) are resistant to type D botulism but sensitive to the other types. Mice possess constitutional resistance to type B toxin but are highly sensitive to other types of botulism (41) . The malarial parasite, Plasmodium knowlesi, is highly pathogenic for the Rhesus monkey, but produces a chronic or much less lethal infection in Macaca fascicularis (1) . Donkeys, horses, monkeys and guinea-pigs are very susceptible to tetanus, whereas hedgehogs, rabbits, dogs, cats and chickens possess innate constitutional immunity to this toxin. At the middle of the range of sensitivity to tetanus are goats, sheep, rats and mice (40) . Rats and mice, in contrast to immunity monkeys, chickens, pigeons, rabbits and guinea-pigs, can be affected by diphtheria toxin only after the dose is increased to 50,000 times that administered to guinea-pigs. Both rats and mice have natural immunity to this toxin, although there is no apparent evidence of specific immunoglobulins in the body of the rat or mouse (14) . Horses, dogs, cats, birds and humans, in contrast to cows and more than fifty other mammalian species, have inherited resistance to foot and mouth disease (39) .
Immunity of populations
Such natural resistance is not adequate in all representatives of a species. Many strains, stocks, sub-populations, families and individuals are naturally immune. The susceptibility of the potato to the late blight (phytophtorose) varies from one stock to another. The rodents, Meriones meridianus, which live on the left bank of the lower river Volga in Russia are 70,000-fold more resistant to plague than the representatives of the same species which live on the right bank of the same river (39) .
In regions of Africa where trypanosomosis is endemic, indigenous ranimants suffer from mild infections with insignificant morbidity, while domestic ruminants which have been bred in the region for a long time suffer more severely, and recently imported exotic ruminants usually suffer fatal infections (39) .
Hereditary nature
Genetic factors play a significant role in the incidence and severity of infectious diseases. An epidemic of tuberculosis in a herd of cattle descended from two bulls was studied. Investigations revealed that 62% of the descendants of one bull were infected with tuberculosis whereas the descendants of the other bull developed only a 4% incidence of tuberculosis (20) . Webster was the first to develop the Mendelian ratios for the inheritance of immunity to microbial infections by mating constitutive immune and constitutive susceptible strains of mice (55) . Through selective breeding, he developed strains of mice which differed in resistance to St Louis and louping ill flaviviruses and showed that immunity is inherited as a single, dominant factor.
Genes which control constitutional immunity to some infections in mice have been identified and mapped to a specific chromosomal location. Thus, constitutional immunity of mice to Rickettsia tsutsugamushi, the aetiological agent of scrub typhus, is controlled by a single dominant gene (Ric) located on chromosome V. The inherent immunity of mice to Mycobacterium intracellulare is regulated by a gene located on chromosome I. This gene is linked to the Beg gene of chromosome I. Resistance to group B arbovirus infection is inherited in mice as a dominant, autosomal allele. The BRW, PRI and C3H/RV inbred strains are homozygous for this form of resistance. No other inbred strains tested are able to resist infection with group B arboviruses. Levels of complement were the same in resistant and susceptible mice. Wild mice collected from widely separated geographical areas were resistant to the infection. Thus, the gene which controls resistance to group B arbovirus infection may well be a widely distributed natural gene, which endows selective advantage in the presence of a lethal virus infection (9) . Inherent immunity is determined by a single dominant gene in cases of myxoviruses and herpesviruses in mice, and mousepox virus. Inherent susceptibility of mice to poliovirus and mouse hepatitis virus (MHV) is also determined by a single dominant gene. MHV-2 infection in mice provides an example of susceptibility inherited as a dominant infactorial trait. Instances in which either immunity or susceptibility is determined by a single dominant gene have generally offered the best prospects for elucidating the microbial versus host interactions involved: when two or more genes are involved, genetic evaluation is more difficult (24) . Polygenic traits have been more difficult to evaluate.
Constitutional immunity to Salmonella Typhimurium, the agent of murine typhoid, is controlled by at least three distinct genes (Ity, Lps and Xid). The first of these genes appears to be the major determinant of immunity, while the other two are mutant alleles which render mice susceptible (19) .
The immunity of leafhoppers to maize streak virus is controlled by a single, sex-linked gene which regulates the resistance of gut epithelial cells to the viral infection (34) . Genes which control constitutional immunity to bacterial spot disease in the pepper plant have been identified and mapped to a specific chromosomal location. Peppers carrying the gene Bsl are resistant to infection with Xanthomonas capestris, which causes this condition. Predisposition and host ability to restrict parasitic invasion, development and survival are the important immunological factors in the epidemiology of helminths that may be under genetic control (2).
Antimicrobial immunity of cells
As a rule, infectious lesions are localised only in strictly defined organs and tissues, whereas other parts of the organism appear to be spared. Thus, foot and mouth disease is manifested mainly as skin eruptions. Clinical evidence of tetanus and botulism is dependent on synaptic element damage in the nervous system. Bacteria of the genus Bordetella adhere predominantly to ciliated respiratory epithelial cells. This specific distribution in susceptible areas of the body is also characteristic of intestinal infections and those infections which chiefly affect the internal organs.
An individual cell can be either sensitive or resistant to the effects of one or another infectious agent. The phenomenon of cellular resistance to viruses has been studied, for example, in bacteria that have been attacked by specific viruses (bacteriophages). Under these circumstances, some bacteria are resistant, survive and multiply in conditions which kill others of the same strain. Progeny of the resistant bacteria are also resistant. Bacteria possess some means of defence against viral attack. The bacterial virus, for its part, has evolved methods of defence against bacterial immunogenic agents.
Cells of both susceptible and immune maize plants which have been cultured in vitro bear the same relationship to pathogenic organisms as their natural counterparts (15) . Animal cells in culture also exhibit either immunity or susceptibility to microbes and their products. This relationship is quite specific -one and the same cell can be resistant to one strain of microbe and also sensitive to another (28) .
The ability of bacteria to adhere to cells is likely to be advantageous, especially if that initial act of adherence should lead to successful colonisation of the particular ecological niche of that organism. Gonococci are able to adhere to human cells but do not interact with the cells of sheep, guinea-pigs, mice, rabbits or goats, all of which are naturally resistant to this infection (25) . In contrast, Bordetella bronchiseptica demonstrates preferential adherence to non-human mammalian ciliated cells of rabbits, mice and hamsters. Bordetella organisms do not attach to chicken ciliated cells. B. pertussis and B. parapertussis adhere better to human ciliated cells than to those of rabbits, mice and hamsters (52) . These observations suggest that specificities of microbe attachment may explain the marked predominance of B. pertussis as the cause of whooping cough in humans and of B. bronchiseptica as a respiratory pathogen of many non-human mammals.
Cultured cells of constitutionally sensitive species (guinea-pigs, humans, dogs, monkeys) are destroyed by diphtheria toxin, whereas cells of hereditarily resistant species (rats, mice) remain intact (10) . Apparent interspecies differences were discovered among cells in studies of interactions with influenzavirus types A, B and C. The intensity of influenzavirus adhesion to red blood cells depends on the species and individual properties of the test cells. The interaction of these viruses with red blood cells of chickens, dogs and humans was extremely intense, whereas with rabbit erythrocytes interaction was much less intense. Human red blood cells adsorb influenza type A most avidly, are less interactive towards type B and are least active with type C. Red blood cells of some individuals adsorb influenza virions less avidly than red blood cells of other individuals. Analogous correlations were observed in a study of the interaction of influenza with leucocytes and respiratory epithelium (41) .
Bacteria of the genus Salmonella which affect some humans and animals can provoke lysis of victim erythrocytes, although this effect is not manifest in every case. Erythrocytes of ten examined biological species were different in their susceptibility to lysis by different Salmonella strains of five serological groups (A, B, C, D and E). All representatives of the first four species investigated (600 mice, 33 guinea-pigs, 22 horses and 47 rabbits) possessed erythrocytes with very high sensitivity to lysis by Salmonella.
Individuals with resistant erythrocytes were not seen in these groups of animals. All of the five cultures of Salmonella studied lysed erythrocytes of these four animal species (39) .
As a rule, erythrocytes of the second group of species were not lysed by the Salmonella strain tested, i.e., they were immune to this cytolytic factor. This group included erythrocytes of cats, monkeys, dogs, sheep, chickens and humans. Only some individuals in the second group demonstrated erythrocytes sensitive to haemolysins of some or even all of the strains studied. This provides evidence for the specific character of determinants of erythrocyte immunity as well as of Salmonella haemolytic activity. Most representatives of an examined chicken population (1,042 out of 1,059) demonstrated resistant erythrocytes and only 1.6% (17 individuals) had weak sensitivity to lysis by some of the Salmonella strains tested. Only 2 out of 16 sheep had sensitive erythrocytes (one sheep was sensitive to two strains and another to five strains) and the intensity of lysis varied from very low to pronounced. In summary, these data of inter-and intra-species differences in cell resistance and predisposition to lysis by Salmonella confirm the genotypic nature of factors which provide evidence for Salmonella cytolytic activity (39) .
Mosaic of constitutional
Diversity of clinical signs of disease
All infections are characterised by the manifestation of a spectrum of clinical disease signs, with resultant clinical courses which range from acute to chronic and possible persistence in the victim in a latent form. Infection with Sendai virus of hamsters or parainfluenza viruses (PIV) of sheep typically results in both bronchitis and interstitial pneumonia in the same individual animal. PIV3 infection may also be associated with the croup syndrome but more often causes bronchitis, bronchiolitis or interstitial pneumonia. PIV3 infection in hamsters may result in mild bronchiolitis but generally does not cause interstitial pneumonia. The same infection can cause severe bronchiolitis and interstitial pneumonia in sheep (37) .
A study of PIV3 infection in two species of cotton rats (Sigmodon hispidas and S. fulviventer) demonstrated that, after intranasal application of human PIV3, both species sustained a high level of viral replication in nasal tissues, although neither developed substantial nasal histopathology (rhinitis). This contrasts sharply with the pattern seen in respiratory syncytial virus infection of S. hispidus, where slightly lower levels of viral replication caused moderate to severe rhinitis. immunity PIV3 replicates well in the lungs of S. hispidus and the pathology consists primarily of bronchiolitis with most lesions appearing six or seven days after infection. In contrast, S.fulviventer develops maximal pathology at the same time post infection, but the virus causes severe pneumonia with only minor components of bronchiolitis. The levels of viral replication and the duration of the infection were virtually identical. In all localisations, the clinical course of infections ranged from acute to chronic and persisted in the victim in latent forms (37) . The fact that two distinctly different histopathological patterns were seen in the two different rat species suggests that genetics of the victims are the major determinants of disease manifestation.
Mosaic of infectious damage
Every infectious disease infects only focal areas in the affected organism. Such foci of infectious damage are even more clearly demonstrated in infectious exanthemas. Those focal (mosaic) exanthema are seen, for example, during poxvirus infection in animals. Examination of the skin of animals with an exanthema will reveal that the areas adjacent to the specific damage are found almost intact, though all the skin is presumably homogeneous.
Mosaic distribution of susceptible and immune areas is also characteristic of infections that affect chiefly internal organs (hepatitis, tuberculosis) (50) . Focal bone lesions were characteristic of some infections in Pleistocene bears which lived over 10,000 years BC (35) . Such focal damage is regularly observed in infectious diseases of plants and invertebrates. A viral skin disease of green sea turtles (Chelonia midas) was described at a commercial sea turtle farm in the British West Indies. Turtles spontaneously developed 'grey-patch disease'. The disease was characterised by either circumscribed papular skin lesions or spreading grey skin patches.
Thus, each infectious disease is expressed in the infected organism by at least two categories of the same tissue, outwardly identical and differing only in their relationship to a given micro-organism. Resistance explains why parts of one category are affected by a given microbe, while at the same time morphologically identical components of the organism remain uninvolved -although both exist under the same conditions and may be equally attacked by the viruses. These morphologically identical parts, which vary in resistance, appear as a nidus, and the distribution of such foci are characteristically distinct for each type of infection.
Immune mosaic in cell populations
When cell cultures are affected by some microbial pathogenic factor, most cells are killed. At the same time, however, a number of outwardly indistinguishable cells fully preserve their basic functions despite the unfavourable conditions. Such constitutional resistance may involve only a few cells or the majority of cells in a population. In all cases, the culture contains cells which are not susceptible to that infection along with those cells which are susceptible to contamination and thus killed. This phenomenon is highly specific: a cell may be immune to microbial agents of one type but susceptible to another type. The number of immune cells in the cultured population may be extremely small or may form the majority. In a population reliant on inherent constitutional immunity to an infectious agent, individuals can be conveniently divided into three categories, as follows: 1) totally resistant organisms (no susceptible structures)
2) mildly susceptible organisms in which a few foci appear and the infection runs a benign course 3) organisms in which the number of susceptible structures is high and the infectious process develops in a severe form with formation of many foci of specific infection (40) .
In fact, in an affected animal every infection manifests at least two populations of homogeneous cells which differ sharply from each other with regard to one highly specific feature: cells of the first population are susceptible to agents, whereas those of the second are immune to the infection.
Origin of immune mosaicism
The examples considered above illustrate the manifestation of the mosaic configuration within affected homogeneous structures. Evidently the ubiquitous phagocytes and immunoglobulins are not functional in this phenomenon. The focal nature of infection is not explained by a lack of uniform predilection of micro-organisms for the organism. In such cases, the infectious agent is found within both the typical damaged elements and the adjacent areas which have been left intact (18, 54) .
The mating of resistant and susceptible individuals gives rise to progeny with intermediate degrees of infection and extent of infectious foci, thus the hybrids can never be more resistant than their parents. These genetically predetermined differences are proof of heterozygosity: one of. the constitutionally immune parents passes on a lack of receptivity to a certain infection to the descendant in some parts of organs, while the susceptible parts of a different molecular configuration are inherited from the second parent.
To study these problems, the molecular aspects of ecology and physiology must be explored. The clonal histochemical architecture of the small intestine, oesophagus, breast and thyroid was demonstrated in normal, as opposed to mosaic, animals using a diversity of the X-linked enzyme glucose-6-phosphate dehydrogenase (G6PD) as a clonal marker. The results were found to depend upon the simultaneous study of tissue from normal mice, mice homozygous for abnormal G6PD levels and heterozygous mice. A dual population of cells was found in the heterozygous animals in all tissues studied. The oesophageal epithelium showed sharply separated alternating paths of positive and negative cells. Small intestinal crypts were always monophenotypic while villi were polyphenotypic, indicating that crypts are monoclonal and villi derive from more than one crypt. In contrast, thyroid follicles and breast acini showed a mixture of mono-and polyphenotypia, consistent with a polyclonal origin (51).
Molecular basis of constitutional immunity
Self-reproduction is a major requirement for microbial pathogenicity. Pathogenic microbes survive as a result of biosynthetic processes carried out by other organisms. This requires the ability to invade the victim, to penetrate its surfaces, to reproduce in the victim, to interfere with the defences of the victim and to damage the victim. Microbes penetrate organisms and enter cells exclusively through particular molecular processes controlled by specific chemical (molecular ecological) substances (adhesins, toxins, enzymes, cytolysins and polynucleotides). Infectious disease develops as a result of the interaction between the molecular ecological agents of the pathogenic micro-organism on the one hand, and the affected body molecular structures on the other. Specificity in host-parasite interaction involves mutual molecular recognition of host and parasite, mediated by chemically complementary molecules.
Harmful micro-organisms usually attack the animal host at the mucosal surfaces of the respiratory, gastrointestinaf or genito-urinary tracts. Micro-organisms must bind firmly to epithelial cells to avoid being swept away by the secretions which bathe the mucosal surface. In many of the common strategies used by pathogenic micro-organisms to overcome host defence, the first step is firm adhesion of the micro-organism to the host cell membrane. Adhesion is mediated by glycoprotein molecules called adhesins, which are the molecular substances produced and used by microbial and other cells to adhere to target cells.
Bacterial viruses adhere to the surface of a victim by virtue of certain determinants, which, depending on the species of virus, may be derived from one to ten specific protein molecules. Protein components play a similar role in influenza infection: these are the so-called haemagglutinins, which function by binding to host cell sialosaccharide receptors. Some viruses, such as the Sendai virus, have surface glycoprotein spikes which adsorb on specific receptors of the cells attacked by the virus. The receptors contain sialic acid.
Microbial adhesion is a highly specific phenomenon. The remarkable specificity exhibited during interaction of microbial adhesins and host cells has been compared with antibody/antigen specific recognition. A malarial invasive molecular ecological agent, the 175-kilodalton erythrocyte binding the superficial protein molecule of Plasmodium falciparum, recognises the terminal Neu5Ac (alpha2-3) Gal-sequences of glycophorin A, a molecular component of the erythrocyte surface (36) .
Recognition by malarial molecular ecological agents of sialic acid-containing receptors on the erythrocyte surface might be analogous to influenzavirus entry into cells of the victim by means of haemagglutinin, which binds with stereospecificity to sialic acid-capped oligosaccharides. The adhesion of enteric bacilli to erythrocytes occurs if the cell surface contains glycophorin Am (5).
Thus, the pathogenic effects of microbes and microbial molecules on molecular targets of the victim are provided by the genetically determined molecular structure of the victim, thereby defining constitutional susceptibility or constitutional immunity to infection or invasion. As a result of this property of a molecular constitution, viability and propagation of intruders can be restricted.
Factors of constitutional immunity
Constitutional antimicrobial immunity is a complex phenomenon which encompasses several specific and common structures possessed by the attacked organisms and used in defence against the molecular ecological aggression of harmful micro-organisms. These structures are presented with a variety of molecular barriers (lack of specific cell receptors, modification of the specific cell receptor, modification of specific nutrients, lack of a specific nutrient, presence of specific antibiotic and/or poison, non-specific mechanisms).
Lack or deficit of specific cell receptors
Certain biomolecules expressed on cell surfaces play a key role in the attachment of micro-organisms as the first step in infection. This role may be related to the presence on the cell of molecules acting as receptors for chemically complementary adhesive molecules of microbes. The presence, quality, quantity and density of molecular targets play a vital role in the phenomena of constitutional predisposition or constitutional immunity to infection. If adhesion of a parasite onto victim cells could be restricted, infection would be interrupted and disease prevented.
The presence or absence of specific cell surface receptors can influence the victim range and tissue tropism of viruses. Receptors for poliovirus, for example, are known to confer susceptibility on human and some primate cells while cells of any other species lack such receptors and are immune to the infection. A strong correlation was found between receptor expression on cells and their constitutional susceptibility or immunity to encephalomyocarditis (EMC) virus infection. Cell lines which did not express detectable receptors were not susceptible to infection. In contrast, cell lines with demonstrable receptors were capable of being infected (27) .
Rabbit diarrhoeagenic Escherichia coli-l (RDEC-1) is only able to induce diarrhoea in rabbits. The adherence of RDEC-1 to intestinal brush borders is a species-specific event, occurring with the rabbit but not with the guinea-pig, rat or human brush borders. Furthermore, after the onset of the diarrhoea phase, RDEC-1 was found to have colonised the ileal and caecal regions of these rabbits heavily, with minimal colonisation found in the jejunum. This species and tissue specificity of in vivo colonisation and infectivity clearly correlates with the specificity of in vitro adherence. The receptors for RDEC-1 are selectively localised on the brush border surface of rabbit ileal epithelial cells and are not present on the basolateral membranes of epithelial cells or on any of the other membranes of the underlying tissue. This remarkable degree of species, tissue and cell specificity possessed by RDEC-1 indicates that the rabbit intestinal mucosa contains receptors specific for RDEC-1 which are not present in other mammalian species tested (7).
The non-adherent control strain of E. coli, HS, failed to colonise rabbit ileum, and the extent of caecal colonisation by HS was 10,000-fold less than that seen with RDEC-1. The inability of RDEC-1 to colonise the ileum and caecum of rats and guinea-pigs demonstrated the lack of RDEC-1 receptors on the mucosal surface in these animals, which is likely to be a factor of their constitutional immunity to the diarrhoeagenic effect of RDEC-1: the failure of RDEC-1 to colonise the intestine due to a lack of receptors in these animals would lead to rapid clearance of non-adherent RDEC-1 (7).
Modification of specific cell receptors
Bacteria have evolved various means of self-defence against viral attackers at almost all stages of the bacteriophage life-cycle. The most effective defence is to prevent any productive contact between the virus and the bacteria. This can be done by mutation of bacteriophage receptors on the surface of the bacteria or by secretion of a barrier which prevents the adhesion of the bacteriophage, such as a capsule or slime layer.
Sendai virus has surface glycoprotein spikes which adsorb on specific receptors of cells attacked by the virus. The receptors on erythrocyte membranes contain sialic acid. Sendai virus cannot adsorb to erythrocytes which have been treated with sialidase. Gangliosides can serve as Sendai virus receptors and a multiplicity of receptors is needed for virus binding to ensure that the virus panicle is bound tightly enough: no fewer than 3,000 such receptor molecules are required for the attachment of a single virion. The binding of the virus to the ganglioside is specific, tight and not readily reversible (17) .
Gangliosides appear to serve as viral receptors which can interact specifically with the glycoprotein spike on the viral surface. Ganglioside GM1, which lacks a terminal sialic acid radical, does not act in a virus adhesion, whereas mono-, diand trigangliosides with terminal sialic radicals do. The terminal sialic acid radical is required for receptor activity (17) .
The biomolecular target of a microbial toxin plays a key role in the evolution of spotted disease in sugar cane; the target biomolecule exists in nature in two forms, differing in amino acid structure. One variant is incapable of interacting with the toxin because the plant possessing the modified membrane protein is not susceptible to this disease and is constitutionally resistant to it. This particular structure involves a change in only four amino acid positions out of the 110 amino acids of the given membrane protein (47) . Similarly, small changes in the amino acid content of haemoglobin give rise to immunity to Plasmodia and create constitutional immunity to malaria (56) .
African green monkey (Cercopithecus torquatus) kidney cell lines (Vero, CV-1) have approximately 10,000 to 20,000 surface diphtheria toxin-binding sites per cell and are exceptionally sensitive to this toxin. The increased resistance to diphtheria toxin in a CHO cell line is attributed to a mutation giving rise to receptors with reduced affinity for toxin (28) .
Modification of specific nutrient
The erythrocytes of sheep and oxen, which have a high content of sphingomyelin and a low lecithin content, are lysed by parasitic leptospirae more rapidly than the erythrocytes of other animal species. The lysis of rabbit and rat erythrocytes, in which the amount of lecithin is greater than that of sphingomyelin, appeared after a longer incubation than was required for lysis of sheep erythrocytes. The enzymatic degradation differed not only between the different types of phospholipids but also, in some cases, between phospholipids of the same type present in the erythrocytes of different species. Thus, lysolecithin in rat erythrocytes, in contrast to that in rabbit and sheep erythrocytes, was only degraded very slowly by the leptospirae. The phosphatidyl ethanolamine and phosphatidyl serine in sheep erythrocytes appeared to be resistant to degradation by leptospirae but, when present in rat erythrocytes, these phospholipids were degraded (23).
Absence of specific nutrient
Research on brucellosis, which is mainly a disease of cattle (caused by Brucella abortus), sheep and goats (B. melitensis) and pigs (B. suis), provides a demonstrative example of identification of a nutritional factor of constitutional immunity. Infection takes several very mosaic forms. In the non-pregnant female, the brucellae cause a debilitating disease but do not reproduce abnormally in any particular tissue. In pregnant animals, brucellae reproduce extensively in the foetal side of the placenta and the chorion, leading to abortion. In males, there is a localisation in the genitalia which causes infertility.
Investigation of the cause of the localisation of brucellae infection in certain tissues in some animal species commenced with cattle. A survey of cattle organs showed that over 90% of brucellae were found in the foetal placenta, chorion and foetal fluids. The stimulant of reproduction was identified as erythritol, a foetal product concentrated in those structures. Erythritol, rather than glucose, is the preferred nutrient for B. abortus, B. melitensis and B. suis. B. abortus infection in new-born calves was enhanced by erythritol. In regard to brucellosis in other species, erythritol was found in the placentae of goats, sheep and pigs, but not in the placentae of humans and guinea-pigs, which explains why, in cases of human brucellosis, an undulating fever occurs with no overwhelming reproduction or localisation of brucellae in either male or female; abortion is rare. The same is true for guinea-pigs, the preferred animal model for human brucellosis. Furthermore, the testes and seminal vesicles of cattle, sheep and pigs contained erythritol, but the seminal vesicles of humans did not (46) . Thus, a component of the molecular constitution of some species and their tissues is responsible for the restriction of brucellae reproduction. This is a major factor of constitutional immunity to brucellosis. The localisation of erythritol absence explained the localisation of immune and susceptible tissues in cattle, goats, sheep and pigs, and why Brucella infection in humans, guinea-pigs and other species tested does not show such tissue predilections.
Presence of specific antibiotics
At the final stage of the bacteriophage life-cycle, the virus injects its genome polynucleotide into the bacterial body. Once bacteriophage DNA has been injected into the bacterial cell, DNA restriction enzymes ensure the survival of the victim. Bacteria use DNA restriction and modification enzymes to maintain genetic stability when foreign genome polynucleotide is introduced into their bodies. The enzymes within the victim may destroy the polynucleotide, thus DNA restriction enzymes provide the antiviral immunity of bacteria.
The bacteriophages possess anti-restriction mechanisms, and can defend themselves by inhibition of restriction enzymes by their proteins or by DNA modifications. The anti-restriction mechanisms play very important roles in the immunity of viruses. Bacteriophages T3 and T7 protect their DNA from restriction by producing anti-restriction proteins. Although of different molecular constitution, the two phage proteins act using the same mechanism. The most striking feature of bacteriophage anti-restriction is the wide variety of specific mechanisms possessed by different viruses (26) . Heritable changes in the molecular organisation of bacteria, for example, the appearance of metabolites which can neutralise one or another antibiotic, inhibit the effective action of certain antibiotic agents.
The constitutional immunity of Western red cedar wood {Thuja plicata) to insect attack is attributed to the presence of monoterpenes, of which metyl thujate is toxic to larvae of the black carpet beetle, the furniture beetle and the case-making beetle. The diterpene gossypol decreases weight gain in larvae of the tobacco budworm and pink bollworm. The terpenoids inhibit or inactivate acetylcholinesterase and cause acetylcholine to accumulate at the cholinergic site, producing continuous stimulation of insect cholinergic nerve fibres throughout the central and peripheral nervous system, followed by paralysis and death of the animal. Acetylcholinesterase in resistant animals has evolved to become inhibited more slowly than that in susceptible animals. The release of HCN from living cells of plants plays an important role in plant defence against the damage that can be caused by grazing animals. Cyanogenesis plays an important part in plant defence mechanisms against herbivores, in particular against molluscs (22) .
Thus, the pathogenic effects of an invader molecule on the molecular target of the host is provided by the genetically determined molecular structure of the target and of the victim, thereby defining constitutional susceptibility or constitutional immunity to infection or invasion. As a result of this property of molecular constitution, viability and propagation of invaders can be restricted.
Specificity of constitutional immunity
It would be metabolically impractical for any living organism to develop a new chemical against every species of parasite which threatens, but living organisms need to do so very frequently. For this reason, constitutional immunity is mainly very specific, as is acquired immunity, which is induced by the lymphoid system of reactive resistance. However, constitutional immunity may also be non-specific. The non-specific innate host defences include both physical and chemical barriers. The specific constitutional barriers include only chemical mechanisms.
The idea of specificity operating between pathogenic micro-organisms and the target of these micro-organisms is encompassed by species specificity, population and individual specificity, tissue specificity and the specificity of cell clones and molecular targets. Specificity of constitutional immunity is determined by specificity of the micro-organism-victim molecular ecology. Specificity is not surprising, as the molecular ecological agents and modes of interaction and application of the various micro-organism-victim systems differ significandy.
The specific immunity of contemporary cultivated potato stocks to late blight is derived from hybridisation of wild resistant varieties of potato with cultivated varieties. Immune plants are almost resistant to some species of the fungus, while susceptibility to other species is unaffected. Specific resistance is controlled by at least nine dominant genes (8) . The insecticide (e.g., dieldrin) resistance mechanism seems to be the same in all species of test insects used. Dieldrin is ineffective against resistant insects because the receptors of those insects have become incompatible with this insecticide (38) .
Non-specific constitutional mechanisms
Non-specific constitutive victim defences include both physical and chemical barriers: physical barriers may be mechanical (e.g., ciliated respiratory epithelium, mucous layer), energetic (e.g., elevated body temperature) or electrostatic mechanisms; non-specific chemical mechanisms include acid pH, lack of non-specific nutrients and the effects of non-specific enzymes, antibiotics, xenobiotics and poisons.
The fitness disadvantage of resistance in an insecticide-free environment is behavioural: resistant insects are less active and less responsive to stimuli. Insects which were homozygous for resistance spent less time searching for hosts and were less responsive to predator movement than hétérozygotes and susceptible insects. The effects of fitness were always recessive and never modified by the genetic background. In addition, female homozygotes were less responsive to oviposition stimuli and male homozygotes had limited mating success. Insecticide resistance gives the insect am enormous advantage in the presence of insecticide, regardless of other susceptibilities in the insect (38) .
Opsonins (i.e., factors other than immunoglobulin G and C3b fraction of complement) can enhance phagocytosis. In neonates, opsonins stimulated phagocyte function and the inflammatory response which determines innate immunity to infection. Interferon, the viricidal protein, provides the antiviral immunity of many cells which synthesise that constitutional factor. However, the sensitivity of various viruses to interferon is not uniform. In the skin, secretion from the sebaceous glands contains fatty acids which may kill some microbial species (30) .
Innate immunity to staphylococcal infections is partially determined by the bactericidal action of lysozyme, which is bactericidal to many other Gram-positive bacteria. However, microbial species have differing degrees of sensitivity to the microbicidal action of lysozyme, which is present in many tissues and body fluids. The highest concentrations of lysozyme occur in the cytoplasm of neutrophils, in the nasal and intestinal mucus and in saliva and tears. Lacking this factor of constitutive immunity, an organism would be incapable of counteracting the given microbial invasion, regardless of possession of other factors of pathogenicity.
However, there is varying activity among lysozymes of different species, indicating that lysozyme action is in part specific (30) .
Victim-bacteria competition for iron is one of the factors which influence both the microbial pathogenicity and victim innate immunity, because iron plays an essential role in most living cells. A wide variety of enzymes which require iron for activity have been isolated and characterised in plants and animals. Iron is required by all life forms, including bacteria. Iron proteins which have been identified in bacterial cells include the cytochromes, catalase, peroxidase, nitrogenase, reductase and dehydrogenase. Despite being abundant in all life forms, iron is relatively unavailable to the micro organisms trying to survive in a victim, as most iron is located intracellularly. The small amount of iron which appears in body fluids exists in rather firm complexes within the iron binding and transport proteins of the host, such as transferrin in animal plasma and lactoferrin in mucosal secretions. To acquire the quantity of iron essential for reproduction, microbes have evolved and have been selected for the ability to compete with iron-binding factors of the host (12) .
The limitation of iron availability by chelating agents in the host, such as transferrin and lactoferrin, is essential for restriction of bacterial reproduction, which is a major requirement for microbial pathogenicity. High levels of lactoferrin in milk could reduce availability of iron to micro organisms in the gut and contribute to the superior resistance of breast-fed infants to infection. Constitutional immunity to E. coli infection is partly determined by bacteriostatic activity of lactoferrin, a potent binder of iron (12) .
Zinc is also necessary for the functioning of all forms of life. The vital biological roles of zinc include the presence of this metal in more than 100 mammalian metalloenzymes and in cell membrane stabilisation. Many data suggest zinc as a virulence factor. For example, the production of bacterial toxins requires the presence of physiological concentrations of zinc. Zinc increases the attachment of Enterobacteriaceae to epithelial cells (48) .
Ontogeny of constitutional immunity
Constitutional resistance of neonates
Newborn and three-week-old mice are totally defenceless against the virus of yellow fever, but by adulthood the mice become completely resistant (31) . Newborn mice are also very susceptible to herpesvirus, but by four weeks of age this sensitivity is replaced by constitutional resistance (32) . A general characteristic of most infections in animals and plants is the changed response to disease which develops in the course of growth and maturation of the victim. The changes are particularly dramatic in the neonatal period: most infections are very severe during this period, and infections tend to become severe again in old age.
Postnatal development of immune constitution
Infant ferrets are susceptible to respiratory syncytial virus infection in both the upper and lower respiratory tracts. In the nose, viral replication is restricted to the surface respiratory epithelium. In the lungs, viral replication is of a lower order of magnitude and is localised in the alveolar cells. The pattern of viral replication in nasal tissues is independent of the age of the animal at infection, whereas the pattern in lung tissues shows a striking age dependence, with viral replication progressively decreasing as a function of age.
Ontogeny of cell immunity
Malarial parasites demonstrate selectivity towards a particular age group of erythrocytes. Young mature chicken erythrocytes are selectively attacked by Plasmodium gallinaceum. Erythrocytes under twelve days of age are preferentially destroyed by the parasites. The factor involved in such a phenomenon may be that the young erythrocytes contain more lipids in their membrane than the older cells (49) . Moreover, there is a possibility that the large RNA component in malarial ribosomes is provided in part or entirely from the host cell ribosomes. In the young red cell, the total volume of ribosomal RNA is greater than in the older red cell and this volume decreases with age (49) . In addition, there may be a factor which prevents the plasmodium from entering cells of a certain age due to changes in the red cell surface receptor sites which are known to bind merozoites.
Erythrocytes of two-day-old chicks are more sensitive to rabies virus adhesion than those of adult chickens. Age-related changes in resistance of cells to mengo virus and EMC are conditioned by corresponding changes in maturation of the cell membrane molecular composition, namely the structure of the molecular receptor (33) . Therefore, certain immunogenic aspects of the molecular constitution of the organism are controlled by regulated changes expressed by the genetic programme of individual development.
Old age and constitutional immunity
Infections generally increase in frequency and severity with age. This rise cannot be explained only by the decline in efficiency of the lymphoid system immunogenic response.
•The increase in susceptibility of the elderly to certain non-infectious and infectious diseases can be explained by the changes in molecular constitution of organs, tissues, cell clones, cells and extracellular structures which occur with age. There are developmental changes in the molecular constitution of cells which are correlated with developmental differences in their physiological and ecological characteristics, and these may cause the age-related differences in susceptibility to relevant agents.
Physical, chemical, hormonal and other influences
Physical influences
Penetrating radiation destroys the system of constitutional invulnerability of dogs to anthrax and listeriosis, but the same physical factor does not noticeably influence antiviral constitutional immunity (43) . The lower body temperature of reptiles and fish, compared to mammals, inhibits the action of both tetanic and botulinic toxins. Supercooling of an organism sharply activates the pathogenic character of its interrelations with micro-organisms which under ordinary conditions are commensals on the mucous membranes. Unfortunately, almost nothing is known about the molecular-physical basis of these phenomena.
Chemical influences
The hereditary features of the molecular constitution of the organism which form resistance to microbes can change under certain chemical influences. The sugarcane clones susceptible to eyespot disease caused by Helminthosporium sacchañ do not show relevant symptoms of the disease after treatment with one of any number of alpha-galactosides, which inhibit the specific action of the toxin (47) . The cells of animals susceptible to the action of the diphtheritic toxin become completely immune to its action after treatment with diethylaminodextran or ammonium chloride. This immunosuppressive effect is also obtained after treatment of cells with gangliosides (21) . Exogenous GM1 ganglioside has been found to be incorporated into the membrane of exposed cells and thus sensitises the cells to cholera toxin. After treatment of target cells with gangliosides, the sensitivity of leucocytes and erythrocytes to adhesion of Neisseria meningitidis increases 1.4-to 9.1-fold, depending on both the ganglioside concentration and meningococci serogroup (42) .
Protection of sensitive mammalian cells from the lethal effect of diphtheria toxin can also be provided by treatment of the cells with exogenous nucleotides. Nucleotides were found to antagonise the binding of diphtheria toxin to the cell surface receptors in a manner which correlated with the degree of protection. Nucleotide-mediated protection from diphtheria toxin undoubtedly results from an antagonism of toxin receptor binding by occupying the toxin binding site on the receptor and thus sterically hindering the interaction. This protection was not limited to adenine nucleotides: all the common purine and pyrimidine triphosphate nucleotides protected cells to some degree (29) .
Nutrition and constitutional immunity
All steps of the interaction between parasites and hosts involve utilisation by parasites of the molecular components of the victim which determine the nutritional status of the parasite. The infectious process may be considered as competition between parasites and their victim for the biosynthetic products produced by the victim. The good nutrition of a victim is a sufficient predisposition for the success of parasitic aggression. According to generally accepted opinion, however, a healthy, well-fed individual has as much (or more) protection against an infection as that provided by currently available vaccines. However, the malnourished and otherwise compromised victim is considerably more susceptible. Regrettably, a definition of which nutrition components are beneficial and which are harmful to the immune host constitution is currently impossible.
Clearly, both constitutive and reactive immunogenic functions can be altered by nutrition. Since the beginning of recorded history, a close correlation has been noted between a bad harvest (famine) and pestilence. For centuries the association between individual malnutrition and infectious disease has been noted. Differences in dietary composition and availability of nutriment have frequently been assumed to account for the immunity of cells, tissues, individuals and populations to some infections. However, there are few direct data supporting this hypothesis.
The chemical composition of food exerts considerable and diverse influences over the course of infectious processes. For example, the constitutional immunity of E. coli cells to infection with phage lambda can be varied by the addition of maltose or glucose to the nutrient medium. The rate of adhesion of phage lambda to cells of E. coli increases about ten-fold when the density of receptor protein at the cell surface increases from about 30 molecules per cell (glucosegrown cells) to 6,000 molecules per cell (maltose-grown cells). The density of receptor molecules at the bacterial •surface can be varied by the addition of maltose or glucose to the growth medium (45) .
A deficit of vitamin B in food increases the resistance of mice to the viruses of poliomyelitis. In birds, a deficit of dietary pantothenic acid results in increased resistance to infection with Plasmodium malariae. A diet with a deficit of lysine weakens the specific constitutional immunity of rats to anthrax infection (16) .
Although malnutrition is traditionally thought to impair host immunity, such an assumption is not always true. In virtually all of the numerous studies reported, malnutrition either contributed to a synergistic increase in the severity of bacterial disease or had no demonstrable effect. The same synergistic trend was evident in most experimental bacterial infections in animals. In contrast, experimental viral infections showed an antagonistic interaction, almost as frequently as a synergistic interaction. In general, constitutional immunity to bacterial infections is usually weaker with a deficit of protein and certain amino acids in food, but resistance to viral infections under the same conditions usually increases (44) .
Hormonal influences
Hormonal factors influence various components of innate immunity. Experimental work with animals suggests that susceptibility to infection varies with experimental changes in hormonal equilibria. Cell receptivity to several viral and bacterial species fluctuates during the menstrual cycle. Oestrogen and progesterone directly affect some biochemical properties of target cells, including the expression of surface components acting as receptors for microbial adhesins. Hormonal perturbances induced by pregnancy are associated with a loss of innate immunity to some viral infections (13) .
Hormonal regulation of cell surface receptors has been demonstrated in cells exposed to hormones, neuro transmitters, protein and glycoprotein toxins and many other surface modulating factors. Consequently, the ability of target cells to respond to changes in hormone concentration by regulating the number and affinity of their surface receptors is now widely documented. Desensitisation of receptors by hormones has been observed in certain target cells (6) .
Evolution of constitutional
Parasites typically inflict less harmful effects on hosts if. co-existence is chronic rather than recent. Innate immunity to infections is characteristic of aboriginals from endemic areas. Indeed, most newcomers suffer severely from an endemic disease.
Certain stereochemical modifications, as well as chemical modular compositional variations, arise as a result of mutations. These may diminish, even completely exclude, the possibility of intermolecular interaction between microbes and their victims, thus lessening the success of microbial aggression. Alternatively, the modifications may enhance microbial pathogenicity.
The organisms possessing this modified molecular constitution are incapable of interacting with the microbe; they are not susceptible and have constitutional resistance to the disease. Thus these organisms are not infected by the corresponding microbe but, in contrast, continue to develop normally and produce healthy progeny while other individuals of the same species which do not have this molecular structure become ill and die. On repeated exposure to a given pathogen, the progeny of resistant mutants will finally predominate in a population; an individual protective mutation becomes a property of a group, then of a population and finally of the species (Fig. 3) . The selective principle of the appearance and spread of antimicrobial resistance lies at the base of constitutional natural immunity, which is characterised by specific molecular constitutional factors that exclude the possibility of interaction between parasite and victim. Living organisms have been subjected to interaction with agents of numerous infectious diseases due to their specific ecological features over millions of years, and species living today presumably possess genes for natural defence immunity Fig. 3 Transformation of population during interaction with parasites against the majority of those diseases. As a consequence, constitutional resistance currently seems to be a leading factor in the immunological structure of the population which determines the main parameters of epidemic processes. Nevertheless, the regularities in genetics, together with the data on the phenomena of evolutionary resonance and conjugated evolution, reveal the possibility of changes in the strength ratio in parasite-victim systems, thus entailing a change in the type of infectious agents and an intensification of epidemic processes.
Diagnostic, prophylactic and therapeutic application
The newly discovered understanding of the essentials of constitutional immunity has enabled researchers to begin to use these highly efficient mechanisms of antimicrobial defence to fight infections and diseases. Such work is being performed in the fields of agriculture, cattle-breeding and medicine. At present, three aspects of the applied use of constitutional immunity, namely: the diagnostic, prophylactic and therapeutic aspects, are employed. There are also possibilities for the development of diagnostic tools to reveal the inherent predisposition or resistance to infections.
Testing for genetic susceptibility to disease
The identification of constitutionally immune or susceptible individuals and populations is of great significance. In recent years, international interest has developed in the molecular control of constitutional immunity in plants, animals and humans. In the field of epizootiology, the theory of constitutional resistance opens new vistas for important parameters, such as the immunological structure of affected species and populations, change of the variants of infectious agents and the phenomenon of periodic intensification of epidemic processes. All these aspects are of prime importance in solving practical tasks in the organisation of the fight against infections.
The immunological structure of populations is one of the most important factors which determine the characteristics of epidemic processes. The results of studies in this area are important for prognostication of the rate of disease occurrence, for planning prophylactic measures, etc. The constitutional invulnerability of populations differs from an induced immunity in the strength of defence and, of particular relevance here, in the durability of its effect upon epidemic processes.
The immunological structure of a population can be studied by using techniques developed for the diagnosis of constitutional tolerance and based on the modern glimpses of its manifestations and essence. Individual genetic susceptibility or resistance to many diseases can now be diagnosed using various direct and indirect methods.
Certain types of molecular constitution have been implicated in the aetiology of several diseases. There are two areas of study based on indirect genetic markers: one seeks broad associations between gene markers and phenotypes at the population level, while the other explores within breeds, taking the principles of Mendelian segregation into consideration. Both studies investigate whether a putative genetic factor is identical or closely linked to the traditional marker employed -a blood group marker, a variety of serum proteins, enzymes or major histocompatibility complex factors.
The failure to find consistent associations in population-based studies is not necessarily fatal to the genetic hypotheses. The markers studied may not be located on the same chromosome as the 'resistance genes', or may be on the same chromosome but so far apart as to be in linkage equilibrium, or the inconsistent associations might be due to linkage equilibrium, i.e., crossing over between the functional gene loci and the marker loci may have led to different associations in different population groups. Genetics can be studied more easily in animals than in humans.
The direct determinant studies are based on two principles: the integral principle and the analytical principle. The former reveals the entire body of defence mechanisms with no separation into the constitutional and reactive components; the latter reveals only constitutional immunity.
In studies of antimicrobial constitutional immunity, much valuable information can be obtained by direct epidemiological, clinical, histopathological and patho physiological comparison of pathogenic events, and a method of understanding a number of constitutional immunogenic determinants of the victim has been made possible by this type of comparison. Much valuable information can be obtained by comparing the pathogenic events in vivo and microbe-cell interaction in vitro: such research has already enabled recognition of a number of determinants of cell constitutional immunity of the victim. At present, constitutional immunity can be determined without waiting for the organism to be affected, for example, by in vitro observation of the interaction of agents or their molecular ecological agents with the competent cellular, subcellular or molecular structures extracted from the organism. The relevant characteristics of the organism can also be explored by means of chemical, immunological and other methods. There are experimental and theoretical premises to create such methods for a considerable number of infections. Application of these methods will permit the characterisation of the immunological structure of a population in a more comprehensive and objective way and will reveal in advance those individuals within the population which do not possess hereditary immunity and which are thus in particular need of vaccination and other prophylactic measures. The immune section of the population will accordingly be spared these potentially harmful procedures and society will be saved the significant costs of unnecessary treatment.
Genetic engineering of constitutional immunity
Genetic engineers can now remove and transfer some genes from one organism to another with precision. The application of genetic engineering techniques in immunology has resulted in major improvements in both the sensitivity and resistance of humans, animals, plants and other living organisms. Genes responsible for resistance or sensitivity to particular diseases might be introduced into otherwise vulnerable or susceptible individuals to change their immune status.
Transgenic induction of susceptibility
Poliovirus, the agent causing poliomyelitis, is a specific human enterovirus. Most poliovirus strains infect only primates and do not infect mice, which have total constitutive immunity. Therefore, very expensive monkeys must be used to investigate the pathogenesis of poliovirus as well as to test the quality of live attenuated poliovirus vaccines. The species specificity of poliovirus is primarily determined by a unique cell surface receptor. An important determinant in the development of disease relies on the characteristic cell tropism which appears to be governed by the accessibility of specific cellular receptors. Transgenic mice carrying poliovirus receptor genes transferred from the human genome, unlike innate mice, are sensitive to poliovirus inoculation. This new experimental animal model will be a powerful tool for the determination of the quality of poliovirus vaccines and the investigation of the molecular basis of poliovirus infections (24) .
Transgenic induction of immunity
One of the main reasons for introducing new genes into plants and animals is to increase immunity. Genetic engineers can introduce increased resistance to drought, salinity, pests, herbicides and infections into the plant genome. Antimicrobial immunity is a key target, in view of the enormous economic costs of microbial infection. One approach to the problem is to insert into plant cells the gene which codes for constitutional immunity mechanisms. For example, to induce immunity to tungro disease of rice, genetic engineers insert the gene coding for the protein which, coats virus particles and inactivates them in the plant genome. Applied to tobacco, this results in plants immune to infection with tobacco mosaic virus. When inoculated with this virus, the transgenic plants show no decrease in yield, whereas the yield of natural, unmodified plants is reduced by 70%. Constitutionally immune plants can also be produced by protoplast fusion. Thus, wild species of Nicotiana (N. nesophila, N. repanda and N. stocktony) have been used to incorporate disease resistance into cultivated tobacco. Attempts to crossbreed this wild species with cultivated tobacco by regular sexual hybridisation have been unsuccessful. The constructed somatic hybrid plants possess immunity to tobacco mosaic virus (11) .
The innate presence of Mxl protein gene in some strains of mice specifically prevents reproduction of the influenza A virus and other orthomyxovirus family members both in vivo and in vitro. Mxl on its own, as a constitutive transgenic product, is an efficient anti-influenzavirus effector immunogenic in the transgenic mouse. Genetic engineers are now able to remove and transfer Mxl protein genes from a constitutionally resistant organism to a naturally sensitive organism with extraordinary precision (3).
Conclusion
Only thirty-two years ago, in his handbook on the fundamentals of immunology, Boyd stated that constitutional immunity was a fundamental trait and expressed his regret of the lack of scientific knowledge of this type of resistance (4) . The situation has now changed dramatically. The phenomenon of constitutional immunity in relation to other ecological and, in particular, physiological effects has been revealed. Feedback between the theory of immunity and the anatomical, ecological, physiological and evolutionary fields of molecular biology has been obtained.
The information on constitutional immunity which is summarised and analysed in this review should not be considered complete. Only the most important data on the natural immunity of microbes, plants, protozoa, invertebrates and vertebrates are presented, the phenomenon is described and its general biological importance is emphasised. Taking applied aspects into consideration, the main focus is on the constitutional immunity of agricultural plants, animals and humans. The principal aspects of applied constitutional immunity are described. 
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Resumen
La mayoría de los inmunólogos concentran su trabajo en complejos factores déla inmunidad activa (inespecíficos o específicos de antígeno) producidos por el sistema linfoide de los vertebrados. Los principios modernos de la profilaxis y la terapia inmunógenas se basan exclusivamente en el uso de tales agentes. Existe, sin embargo, un sistema más eficaz de resistencia específica, que es común a todas lasformas de vida: la inmunidad constitucional hereditaria a las infecciones e invasiones. Las dos últimas décadas han presenciado un formidable progreso de los conocimientos sobre el sistema inmunógeno constitucional. A partir de varios ejemplos tomados de la genética y la biología molecular, el autor ¡lustra la naturaleza e importancia de la inmunidad constitucional, y dedica especial atención a las pruebas de detección de la sensibilidad genética a las infecciones, así como a la ingeniería genética de la resistencia a las mismas.
